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Abstract 

A search for periodic modulations of the solar neutrino flux was performed using the Super- 
Kamiokande-I data taken from May 31st, 1996 to July 15th, 2001. The detector's capability of 
measuring the exact time of events, combined with a relatively high yield of solar neutrino events, 
allows a search for short-time variations in the observed flux. We employed the Lomb test to 
look for periodic modulations of the observed solar neutrino flux. The obtained periodogram is 
consistent with statistical fluctuation and no significant periodicity was found. 
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I. INTRODUCTION 



It is widely accepted that neutrinos have masses based on observation of their oscillation 

which suggests the presence of physics beyond Standard Model. Neutrino spin orientation 

would be rotated by the magnetic field in the Sun if neutrinos are Dirac particles with 

n 

non- vanishing magnetic moments |2j. Such neutrino spin-flavor precession will result in 
a reduction of the observed solar neutrino fluxes because the right-handed neutrinos are 
sterile and will be unobserved in a detector. On the other hand, if neutrinos are Majorana 
particles with a flavor-changing transition magnetic moment, the solar magnetic field could 
flip v e into z/ M or v T and lower the observed solar neutrino fluxes due to the reduced elastic 
scattering cross section. However, any such possibility must not allow for a flux of solar v e 
above current experimental limits [3]. Based on the above context, any time variation of the 
solar magnetic fields could introduce periodic modulations in the observed solar neutrino 
fluxes. There could be semiannual (seasonal) variations of the observed solar neutrino flux 
because of the changing magnetic field caused by the 7.25 degree inclination of solar axis 
with respect to the ecliptic plane. A short-time variation might be expected due to the 
27-day rotation of the Sun. 

Independent of magnetic effects, the 8 B neutrino flux is sensitive to the core temperature 
of the Sun, approximately proportional to T c 25 |4j . If the solar core temperature changes in 
time, this might induce a time variation in the observed solar neutrino flux. 

There has been several attempts to search for possible periodic variations in measured 
solar neutrino fluxes. The Homestake experiment appeared to exhibit 11-year periodic mod- 
ulations on the data which anticorrelated with solar activity j^. However, Kamiokande 
and other experiments have not provided any evidence for a time variation of the neutrino 
flux outside of statistical fluctuations Observation of a periodic modulation in the solar 
neutrino flux would provide a significant addition to our understanding of solar dynamics 
and the magnetic properties of neutrinos, and possibly require modification of the Standard 
Solar Model. 

Super-Kamiokande (SK) is a 50 kton water Cherenkov detector located in Kamioka, 
Japan. Solar neutrino data were collected at SK from May 31st, 1996 to July 15th, 2001 
yielding a total detector live time of 1,496 days. This data taking period is known as SK-I. 
A detailed description of SK can be found elsewhere Qj^J. The solar neutrino signal is 



4 



extracted from the data using the cos6 sun distribution, the angular deviation between the 
Sun and the reconstructed direction of events with total energies ranging between 5 and 
20 MeV 3. From the strong forward peak due to elastic scattering of 8 B solar neutrinos 
on electrons, 22,400 ± 200(stat.) solar neutrino interactions were observed in 22.5 ktons 
of fiducial volume. The relatively high yield of real-time events in SK, 15 events per day, 
allows a search for short-time periodic modulations in the observed neutrino fluxes. 



II. SK 10-DAY LONG SAMPLED SOLAR NEUTRINO DATA 
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FIG. 1: Measured solar neutrino fluxes of 10-day long samples. The horizontal axis is time (year) 
from the beginning of the data-taking and the vertical axis is the measured neutrino flux in units 
of 10 6 cm -2 s . The 1/R 2 correction is included in the shown neutrino fluxes. 



The solar neutrino data, acquired over 1,871 elapsed days from the beginning of 
data-taking, are divided into roughly 10-day long samples as listed in Table H] The time 
period of each 10-day sample is chosen from consecutive 10-day periods. Note that the 
start time of a 10-day sample is determined by the beginning of data-taking on the first 
day of the sample, and the stop time by the finish of data-taking on the last day. There are 
on and off periods of data-taking in the 10-day interval and thus the timing of each sample 
is calculated as a mean of the start and end times and corrected by SK livetime. Hence 
the mean time is not necessarily an exact division of the time interval for each 10-day 
sample. Figure Q shows the measured solar neutrino fluxes of the 10-day samples. All given 
uncertainties are statistical and estimated by asymmetric Gaussian approximation of the 
unbinned maximum likelihood fit to the cos8 sun distributions. The measured solar neutrino 
fluxes are corrected for the 1/R 2 (squared average distance in units of A.U.) variation 
caused by the eccentricity of the Earth's orbit around the Sun. 
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FIG. 2: A Lomb periodogram of the SK 10-day long solar neutrino data samples. The Lomb 
power and its corresponding confidence level are given as a function of frequency. 



III. SEARCH FOR PERIODICITY 

The Lomb periodogram method a spectral analysis for unevenly sampled data, is 
applied to search for possible periodicities in the measured 10-day long fluxes. The method 
finds periodicities based on maximum deviation of data relative to a constant in time. The 
normalized Lomb power is given by 

( , J / E^-^cos^-r)] 2 E^-^sin^-r)] 2 ) 
^ N[W) -2^\ cos 2 oo(tj-r) + ^.sin^-r) } [ ) 

where <pj is the measured flux in the j-th bin, tj is the mean time with livetime correction in 
the j-th. bin, u is the frequency being tested, = J2iLi 4>i/N, a 2 = J^iLii.'t'i ~ 4>) 2 '/(N ~ 1)> 
and offset time r is defined by tan(2c<jr) = ^ . sin 2outj/Y2j cos 2utj. Under the null hypothe- 
sis, it is expected that the data are Gaussian random values and the Lomb normalized power 
(Pjv(w)) is distributed exponentially with unit mean. Here we define the Confidence Level 
(C.L.) of the given Lomb Power P^ as (1 — e~ Pjv ) M x 100%, the probability of no frequen- 
cies being scanned giving values larger than P^ due to random fluctuation. The number of 
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FIG. 3: A power distribution of the Lomb periodogram of the SK 10-day long solar neutrino data 
samples. The solid line shows an expected distribution of no particular periodicity (e _Pjv ). 



independent frequencies scanned, M, is given by approximately twice of the number of data 
points, i.e. M = 2 x 184 = 368. The frequency ranges from 0.00020 day~ x to 0.09870 day" 1 
and 18,363 frequencies are scanned in this range. The resulting periodogram is shown in 
Figure 121 together with its confidence level diagram. The maximum power appears at fre- 
quency f=0.0726 day -1 (or time period T=13.76 days) with Lomb power 7.51 corresponding 
to 81.70% C.L. 

Figure El shows a normal distribution of the powers in the Lomb periodogram for SK solar 
neutrino data. Here the powers are calculated for 368 independent frequencies from day -1 
to 0.1 day" 1 . 

As a consistency check for the confidence level, 10,000 MC experiments are generated 
based on the observed timing information and the measured solar neutrino fluxes of the 
10-day long data samples. The measured solar neutrino flux values are simulated according 
to a random Gaussian fluctuation. For making these null modulation samples the average 
measured flux (2.33 x 10 6 cm -2 s" 1 ) is taken as a Gaussian mean, and the standard deviation 



of the the measured flux (0.32 x 10 6 cm 2 s 1 ] 



is taken Gaussian error 



ll|. The 



Lomb method is applied to each MC experiment to obtain a periodogram. The Lomb 
power distribution has an exponential distribution as expected for the null modulation. The 
maximum power of each periodogram is selected. Figure 0] shows a distribution of maximum 
powers for the MC experiment sets. Out of 10,000 simulated experiments, 19.58% have 
maximum powers larger than 7.51. This demonstrates that the confidence level for the 
T=13.76 day period of SK data is consistent with that of no modulation. 




10 12 14 16 
Power 



FIG. 4: A distribution of maximum powers for 10,000 MC experiment sets. The horizontal axis 
is Lomb power, and the vertical axis is the number of MC experiment sets. 



In order to extend the investigation to shorter time modulation more precisely, we repeat 
the search for periodicities in a time interval of 5 days (see Figure El and Table ITT|) using the 
Lomb method. Figure El shows a periodogram for the 5-day long samples. For the 5-day long 
sample, the frequency ranges from 0.00020 day" 1 to 0.19187 day -1 and 35,763 frequencies 
are scanned in this range. The number of independent frequencies scanned is M=716. The 
maximum Lomb power of 7.35 (63.09% C.L.), consistent with no modulation, is found at 
frequency f=0.1197 day -1 (T=8.35 days). In this case, the Lomb power for the period of 
13.76 days (f=0.0726 day" 1 ) is 1.35 and is no longer the maximum. This provides additional 
confirmation that the 13.76 day period in 10-day long sample is a statistical artifact. 

Our results are in clear disagreement with the previous analyses of SK data by Milsztajn 
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FIG. 5: Measured solar neutrino fluxes of 5-day long samples. The horizontal axis is time (year) 
from the beginning of the data-taking and the vertical axis is the measured neutrino flux in units 
of 10 6 cm -2 s _1 . The 1/R 2 correction is included in the shown neutrino fluxes. 
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FIG. 6: A periodogram of the SK 5-day long solar neutrino data samples. The Lomb power 
and its corresponding confidence level is given as a function of frequency. Note that the searched 
frequency range is extended up to 0.19 day -1 . 



12j and Caldwell and Sturrock Q], in which they claim to find a significant periodic vari- 
ation of our data with 13.76 days' periodicity. The main difference between their analyses 
and ours is that they have used uniform 10-day binned data in which the time of each data 
point is exactly centered between the start and stop times of each 10 day period 3] or 
integrating expected flux from the start time to the end time of each 10-day bin without 
taking into account breaks of runs [T3j. On the other hand, we use the correct time for the 



data contained in each 10 day bin based on the livetime weighted mean time as described 
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above. We investigate 5-day binned data as well to find no significant periodic variation. 

IV. SENSITIVITY OF FINDING A PERIODICITY VS. MODULATION AMPLI- 
TUDE 

We have studied the sensitivity of the SK-I solar neutrino data to find if a true periodicity 
indeed exists. The sensitivity will depend on the amplitude of modulation because of exper- 
imental uncertainties in the SK-I data. One thousand MC experiment sets are generated to 
simulate the SK 10-day long solar neutrino fluxes for a given period and modulation ampli- 
tude. While introducing modulations of periods from 5 days to 500 days and varying the 
magnitude of modulation from 1% to 90% of the averaged total flux (2.33 x 10 6 cm" 2 s" 1 ), 
we repeatedly generate 1,000 MC experiments at each amplitude. An individual MC exper- 
iment set is generated in the following way. The modulated solar neutrino flux is generated 
for entire SK-1 data-taking period, and the mean flux is calculated for the individual 10-day 
long time periods. The MC neutrino flux of every 10-day long sample is then generated 
by a random Gaussian fluctuation from the mean flux value. The Gaussian error is taken 
as the error in the measured neutrino flux of each 10-day sample as listed in Table |U The 
Lomb periodogram method is applied to every MC experiment. A reconstructed period is 
determined by the primary modulation having the maximum Lomb power larger than 9.82 
(98% C.L.). We calculate the probability of correctly finding the generated period at each 
modulation amplitude. The observed period is assigned to a correct one if its corresponding 
frequency is consistent with 1/ (input period)± 0.1/368/2 for the 10-day long sample, to 
consider the error on the reconstructed period. The probability of reconstructing the input 
periodicity becomes significantly reduced as the modulation amplitude becomes less than 
the magnitude of the measured neutrino flux error. The MC study is repeated for 5-day long 
samples. In the 5-day long sample case, the selection criterion of correct frequency is 1/ (in- 
put period)± 0.2/716/2. Figure shows 95% sensitive contours of modulation amplitude 
vs. period for 10-day and 5-day long samples. The sensitivity is defined as a probability of 
finding the correct periodicity as a primary modulation. 

According to Figure the sensitivity of finding the correct period varies rapidly near the 
sampling time periods of 5 ~ 20 days. In general, shorter modulation periods have worse 
sensitivity for a given sampling frequency, while the 5-day long sampled data have better 
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FIG. 7: A 95% contour plot of the sensitivity to find correct periodicity in 10-day (dotted) and 
5-day (solid) long sampled SK solar neutrino data. The horizontal axis is simulated period in days. 
The vertical axis is modulation amplitude in percentile. Each contour represents 95% probability 
of finding the correct periodicity. 



sensitivity than those of the 10-day data, especially for shorter modulation periods. Based 
on the MC study, the Lomb method is expected to find the true periodicity of the SK-I data, 
if any, with an efficiency of 95% at a modulation amplitude of 10% of the averaged flux and 
a period of longer than 40 days (20 days) in case of the 10-day (5-day) long sample. 



V. SUMMARY 



We have presented the measured solar neutrino fluxes of 10-day long samples and of 5- 
day long samples using all 1,496 days of SK-I data. No significant periodicity was found in 
the SK-I solar neutrino data when a search was made to look for periodic modulations of 
the observed fluxes using the Lomb method. Based on a MC study, we have obtained the 
probability of finding a true periodicity in the SK-I data as a function of the modulation 
magnitude. The Lomb method should have found a periodic modulation in the SK-I solar 
neutrino data of 10-day (5-day) long samples if the modulation period were longer than 40 
days (20 days) and its magnitude was larger than 10% of the average measured neutrino 
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fluxes. Based on the observation of no significant periodicity, SK-I data exclude modulations 
greater than 10% of the 8 B neutrino flux arising as a result of more than 0.4% changes in 
the solar core temperature, allowing a new measure of the solar core's stability. 
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TABLE I: SK solar neutrino data divided into 10-day long samples. t w is mean time with livetime 
correction. t s is start time. t e is end time. R 2 is square of the distance between the Sun and the 
Earth, in unit of AU 2 . 4> u is measured 8 B neutrino flux without correction of R 2 
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1 


020 


2 


26+0 


30 


0.28 


153 


2000/09/07 


05 


54 


09/03 


03 


30 


09/11 


09 


38 


1 


016 


2 


45+0 


36 


0.32 


154 


2000/09/15 


21 


46 


09/11 


15 


22 


09/20 


04 


05 


1 


Oil 


2 


35+0 


35 


0.31 


155 


2000 /09 /26 


20 


20 


09/20 


04 


09 


10/03 


03 


01 


1 


005 


2 


55+0 


28 


0.26 


156 


2000/10 /09 


06 


41 


10/03 


03 


02 


10/15 


02 


45 


() 


998 


2 


09+0 


28 


0.26 


157 


2000/10/17 


12 


17 


10/15 


02 


49 


10 /20 


01 


19 


o 


993 


2 


69+0 


47 


0.41 


158 


2000/10/25 


13 


44 


10/20 


01 


22 


10/31 


07 


33 


o 


989 


2 


25+0 


32 


0.29 


159 


2000/11/05 


21 


59 


10/31 


07 


34 


11/11 


06 


38 


o 


983 


2 


33+0 


31 


0.28 


160 


2000/11/15 


20 


05 


11/11 


07 


11 


11/21 


15 


44 


o 


978 


2 


28+0 


34 


0.31 


161 


2000/11/25 


20 


58 


11/21 


17 


20 


11/30 


08 


10 


o 


974 


2 


51+0 


35 


0.32 


162 


2000/12/05 


16 


39 


11/30 


08 


26 


12/10 


02 


44 





971 


2 


15+0 


34 


0.30 


163 


2000/12/15 


22 


02 


12/10 


02 


40 


12/20 


23 


17 


o 


969 


2 


42+0 


33 


0.30 


164 


2000/12/28 


23 


32 


12/20 


23 


32 


01/05 


09 


49 





967 


2 


72+0 


27 


0.25 


165 


2001/01/08 


14 


58 


01/05 


09 


52 


01/11 


16 


44 





967 


2 


40+0 


47 


0.42 


166 


2001/01/16 


17 


27 


01/11 


16 


46 


01/22 


03 


19 





968 


2 


50+0 


32 


0.29 


167 


2001 /01 /26 


16 


08 


01/22 


03 


21 


01/31 


03 


25 





970 


2 


70+0 


34 


0.30 


168 


2001/02/05 


15 


56 


01/31 


03 


28 


02/11 


06 


17 


o 


972 


2 


50+0 


30 


0.27 


169 


2001/02/15 


17 


47 


02/11 


06 


19 


02/20 


01 


26 


() 


976 


3 


04+0 


39 


0.35 


170 


2001/02/25 


12 


14 


02/20 


01 


35 


03/02 


08 


36 


() 


980 


1 


81+0 


34 


0.30 


171 


2001 /03 /06 


06 


04 


03/02 


08 


38 


03/10 


04 


39 


o 


984 


2 


81+0 


37 


0.33 


172 


2001/03/15 


08 


39 


03/10 


04 


44 


03/23 


09 


21 


o 


989 


2 


44+0 


29 


0.27 


173 


2001/03/28 


15 


55 


03/23 


09 


24 


04/03 


00 


02 





996 


2 


54+0 


30 


0.28 


174 


2001/04/06 


18 


16 


04/03 


00 


05 


04/10 


14 


47 


1 


002 


1 


67+0 


32 


0.29 


175 


2001/04/15 


19 


22 


04/10 


14 


50 


04/20 


22 


30 


1 


007 


2 


58+0 


32 


0.29 


176 


2001 /04/25 


04 


17 


04/20 


22 


33 


04/30 


09 


36 


1 


012 


2 


57+0 


37 


0.34 


177 


2001/05/05 


15 


58 


04/30 


22 


18 


05/10 


16 


53 


1 


017 


2 


90+0 


46 


0.41 


178 


2001/05/16 


06 


07 


05/10 


16 


55 


05/21 


01 


50 


1 


022 


3 


10+0 


35 


0.32 


179 


2001/05/28 


20 


40 


05/21 


01 


52 


06/04 


20 


38 


1 


027 


2 


63+0 


26 


0.25 


180 


2001/06/07 


23 


38 


06/04 


20 


41 


06/11 


02 


23 


1 


030 


2 


80+0 


41 


0.37 


181 


2001/06/15 


23 


08 


06/11 


02 


26 


06/20 


16 


35 


1 


032 


2 


34+0 


30 


0.27 


182 


2001/06/25 


17 


45 


06/20 


16 


38 


06/30 


20 


07 


1 


033 


1 


45+0 


28 


0.25 


183 


2001/07/05 


14 


02 


06/30 


20 


08 


07/10 


11 


38 


1 


034 


2 


45+0 


31 


0.28 


184 


2001/07/12 


16 


22 


07/10 


12 


08 


07/15 


08 


34 


1 


033 


2 


63+0 


51 


0.45 
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TABLE II: SK solar neutrino data divided into 5-day long samples. t w is mean time with livetime 
correction. t s is start time. t e is end time. R 2 is square of the distance between the Sun and the 
Earth, in unit of AU 2 . <p v is measured 8 B neutrino flux without correction of R 2 
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t e 


R 2 


<t>» 




t w 














B 2 


4>v 


1 


1996/06/02 


03 


46 


05/31 


04 


31 


06/05 


08 


49 


1 


029 


2 


74- 


-0 


63 





53 


61 


1997/04/07 


20 


00 


04/05 


13 


22 


04/10 


03 


03 


1 


002 


1 


65+0 


47 


0.38 


2 


1996/06/07 


14 


58 


06 / 5 


14 


13 


06/10 


01 


19 


1 


030 


2 


83- 


-0 


75 





62 


62 


1997/04/12 


14 


02 


04/10 


03 


46 


04/15 


05 


51 


1 


005 


2 


61+0 


52 


0.45 


3 


1996/06/12 


12 


40 


06 /10 


01 


27 


06/15 


04 


36 


1 


031 


2 


30- 


-0 


53 





45 


63 


1997/04/18 


02 


57 


04/15 


06 


13 


04/20 


04 


41 


1 


008 


2 


21+0 


57 


0.48 


4 


1996/06/17 


16 


37 


06 / 15 


09 


14 


06/20 


03 


41 


1 


032 


1 


79- 


-0 


5 5 





44 


64 


1997/04/21 


23 


13 


04/20 


07 


17 


04/25 


00 


07 


1 


010 


3 


20+0 


83 


0.67 


5 


1996/06/22 


03 


07 


06/20 


03 


45 


06/25 


04 


5 5 


1 


033 


3 


15- 


-0 


74 


(1 


61 


65 


1997/04/28 


07 


51 


04/25 


01 


13 


04/30 


00 


22 


1 


014 


2 


26+0 


68 


0.54 


6 


1996/06/27 


23 


30 


06/25 


05 


02 


06/30 


14 


11 


1 


033 


1 


72- 


-0 


50 





40 


66 


1997/05/03 


00 


50 


04/30 


00 


31 


05/05 


15 


37 


1 


016 


2 


59+0 


50 


0.43 


7 


1996/07/02 


20 


29 


06 /30 


14 


16 


07/05 


05 


29 


1 


034 


2 


96- 


-0 


61 





51 


67 


1997/05/07 


23 


46 


05/05 


15 


39 


05/10 


03 


37 


1 


018 


1 


69+0 


48 


0.39 


8 


1996/07/07 


18 


45 


07/05 


05 


36 


07/10 


03 


18 


1 


034 


2 


10- 


-0 


53 





44 


68 


1997/05/12 


19 


48 


05/10 


04 


19 


05/15 


09 


10 


1 


021 


2 


86+0 


51 


0.44 


9 


1996/07/12 


11 


30 


07/10 


03 


30 


07/15 


00 


22 


1 


033 


1 


31- 


-0 


70 





57 




1997/05/17 


20 


55 


05/15 


09 




05/20 






1 


023 


2 


05+0 


50 


0.41 




1996/07/17 


22 


07 


07/15 


00 


2o 


07/20 


01 


19 


1 


033 


2 


94- 


-0 


58 


(1 


50 




1997/05/22 


19 


55 


05/20 


00 




05/25 


09 




1 


025 


2 


14+0 


55 


0.45 


11 


1996/07/22 


11 


35 


07/20 


01 


28 


07/25 


00 


34 


1 


032 


2 


48- 


-0 


54 





45 


71 


1997/05/27 


20 


45 


05/25 


09 


12 


05/31 


05 


47 


1 


027 


2 


25+0 


53 


0.43 


12 


1996/07/28 


04 


01 


07/25 


00 


59 


07/31 


08 


19 


1 


031 


2 


05- 


-0 


43 





37 


72 


1997/06/03 


13 


01 


05/31 


06 


10 


06/05 


04 


30 


1 


029 


1 


82+0 


92 


0.63 


13 


1996/08/03 


02 


39 


07/31 


16 


06 


08/05 


03 


46 


1 


030 


1 


62- 


-0 


58 





45 


73 


1997/06/07 


15 


22 


06/05 


05 


52 


06/10 


02 


33 


1 


030 


2 


69+0 


53 


0.46 


14 


1996/08/07 


07 


33 


08/05 


03 


50 


08/10 


00 


35 


1 


028 


2 


45- 


-0 


5 5 





46 


74 


1997/06/12 


13 


28 


06/10 


03 


3 3 


06/15 


05 


1 1 


1 


031 


1 


69+0 


47 


0.39 


15 


1996/08/13 


21 


16 


08 /10 


20 


31 


08/15 


03 


23 


1 


026 


1 


96- 


-0 


73 





57 


75 


1997/06/17 


17 


29 


06/15 


05 


37 


06/20 


12 


17 


1 


032 


2 


72+0 


51 


0.44 


16 


1996/08/17 


20 


59 


08/15 


03 


58 


08/20 


06 


16 


1 


025 


2 


55- 


-0 


57 





48 


76 


1997/06/22 


18 


27 


06/20 


12 


22 


06/25 


07 


47 


1 


033 


2 


54+0 


50 


0.44 


17 


1996/08/22 


14 


58 


08/20 


06 


33 


08/25 


08 


37 


1 


023 


2 


89- 


-0 


57 





49 


77 


1997/06/28 


08 


00 


06/25 


07 


51 


06/30 


02 


28 


1 


033 


2 


89+0 


61 


0.52 


18 


1996/08/27 


03 


25 


08/25 


( )S 


56 


08/31 


11 


47 


1 


021 


2 


63- 


-0 


61 





50 


78 


1997/07/02 


17 


57 


06/30 


02 


31 


07/05 


01 


17 


1 


034 


1 


84+0 


48 


0.41 


19 


1996/09/08 


00 


02 


09/05 


02 


47 


09/10 


11 


28 


1 


015 


2 


01- 


-0 


46 


(1 


39 


79 


1997/07/07 


19 


24 


07/05 


01 


53 


07/10 


07 


24 


1 


034 


2 


07+0 


46 


0.40 


20 


1996/09/12 


19 


05 


09/10 


11 


53 


09/15 


02 


08 


1 


013 


1 


69- 


-0 


53 





43 


80 


1997/07/12 


21 


04 


07/10 


07 


29 


07/15 


10 


22 


1 


033 


1 


34+0 


41 


0.35 


21 


1996/09/17 


15 


43 


09/15 


03 


37 


09/20 


00 


38 


1 


010 


1 


70- 


-0 


49 





40 


81 


1997/07/17 


22 


57 


07/15 


10 


25 


07/20 


12 


47 


1 


033 


3 


11+0 


51 


0.45 


22 


1996/09/22 


18 


24 


09/20 


05 


00 


09/25 


03 


55 


1 


007 


2 


28- 


-0 


49 





42 


82 


1997/07/22 


11 


16 


07/20 


12 


55 


07/25 


04 


51 


1 


032 


1 


94+0 


57 


0.48 


23 


1996/09/28 


00 


31 


09/25 


04 


27 


09/30 


11 


13 


1 


004 


2 


68- 


-0 


52 





45 


83 


1997/07/28 


13 


06 


07/25 


05 


18 


07/31 


00 


40 


1 


031 


2 


83+0 


51 


0.44 


24 


1996/10/02 


11 


45 


09/30 


11 


14 


10/05 


01 


13 


1 


002 


3 


31- 


-0 


60 





51 


84 


1997/08/02 


13 


56 


07/31 


01 


04 


08/05 


00 


35 


1 


030 


2 


28+0 


45 


0.38 


25 


1996/10/07 


18 


36 


10/05 


01 


46 


10/10 


10 


31 





999 


1 


75- 


-0 


48 





39 


85 


1997/08/07 


15 


44 


08/05 


00 


39 


08/10 


05 


33 


1 


028 


2 


34+0 


46 


0.40 


26 


1996/10/12 


20 


47 


10/10 


10 


42 


10/15 


08 


16 





996 


1 


00- 


-0 


41 





33 


86 


1997/08/12 


16 


50 


08/10 


05 


38 


08/15 


06 


15 


1 


027 


2 


43+0 


56 


0.48 


27 


1996/10/18 


01 


24 


10/15 


09 


48 


10/20 


16 


22 





993 


2 


39- 


-0 


50 





42 


87 


1997/08/17 


21 


18 


08/15 


06 


19 


08/20 


14 


35 


1 


025 


1 


79+0 


42 


0.36 


28 


1996/10/23 


02 


45 


10/20 


17 


31 


10/25 


12 


04 





990 


2 


55- 


-0 


52 





44 


88 


1997/08/23 


06 


06 


08/20 


14 


45 


08/25 


20 


02 


1 


023 


2 


25+0 


46 


0.41 


29 


1996/10/27 


18 


29 


10/25 


13 


08 


10/30 


03 


19 





987 


2 


28 + 


54 





45 


89 


1997/08/28 


17 


26 


08/25 


20 


03 


08/31 


13 


09 


1 


020 


2 


68+0 


44 


0.39 


30 


1996/11/02 


02 


38 


10/30 


03 


47 


11/05 


00 


53 





985 


2 


73+0 


46 





39 


90 


1997/09/02 


23 


59 


08/31 


13 


1 1 


09/05 


15 


30 


1 


018 


1 


34+0 


47 


0.40 


31 


1996/11/08 


00 


22 


11/05 


01 


30 


11/10 


22 


14 





982 


2 


62+0 


45 





39 


91 


1997/09/07 


05 


35 


09/05 


15 


32 


09/10 


04 


48 


1 


016 


2 


11+0 


60 


0.49 


32 


1996/11/12 


18 


47 


11/10 


22 


17 


11/15 


06 


11 





979 


1 


98- 


-0 


55 





44 


92 


1997/09/14 


05 


31 


09/10 


04 


50 


09/15 


21 


50 


1 


012 


2 


12+0 


61 


0.51 


33 


1996/11/17 


21 


41 


11/15 


06 


45 


11/20 


11 


37 





977 


2 


55- 


-0 


52 





44 


93 


1997/10/04 


14 


39 


09/30 


00 


42 


10/05 


10 


51 


1 


001 


2 


71+0 


89 


0.70 


34 


1996/11/23 


04 


20 


11/20 


12 


34 


11/25 


16 


01 





975 


1 


69- 


-0 


46 





37 


94 


1997/10/06 


22 


10 


10/05 


1 1 


11 


10/10 


18 


48 





999 


2 


25+0 


71 


0.55 


35 


1996/11/27 


19 


50 


11/25 


16 


05 


11/30 


01 


02 





973 


1 


35- 


-0 


45 





36 


95 


1997/10/13 


10 


04 


10/10 


18 


50 


10/15 


17 


15 





995 


2 


01+0 


53 


0.44 


36 


1996/12/02 


20 


53 


11 /30 


01 


07 


12/05 


18 


46 





972 


2 


02- 


-0 


47 





39 


96 


1997/10/18 


13 


13 


10/15 


18 


52 


10/20 


16 


16 





993 


2 


06+0 


70 


0.56 


37 


1996/12/08 


04 


11 


12/05 


18 


50 


12/10 


07 


00 





970 


1 


87- 


-0 


49 





40 


97 


1997/10/22 


14 


08 


10/20 


18 


13 


10/25 


17 


5 5 





990 


4 


26+0 


98 


0.81 


38 


1996/12/13 


07 


39 


12/10 


07 


04 


12/15 


22 


32 





969 


2 


35- 


-0 


58 





48 


98 


1997/10/28 


04 


09 


10/25 


17 


57 


10/30 


14 


40 





987 


2 


54+0 


46 


0.40 


39 


1996/12/18 


04 


07 


12/15 


22 


37 


12/20 


16 


53 





968 


2 


43- 


-0 


58 





49 


99 


1997/11/02 


13 


49 


10/30 


14 


49 


11/05 


14 


02 





984 


1 


74+0 


39 


0.33 


40 


1996/12/23 


02 


52 


12/20 


17 


14 


12/25 


09 


10 





968 


2 


52+0 


51 





43 


100 


1997/11/08 


06 


12 


11/05 


14 


04 


11/10 


18 


55 





982 


1 


50+0 


38 


0.32 


41 


1996/12/28 


09 


23 


12/25 


09 


15 


12/31 


04 


42 





967 


2 


09+0 


44 





36 


101 


1997/11/13 


08 


32 


11/11 


00 


53 


11/15 


09 


59 





979 


2 


66+0 


50 


0.43 


42 


1997/01/03 


03 


46 


12/31 


04 


46 


01/05 


14 


25 





967 


2 


27- 


-0 


47 





40 


102 


1997/11/18 


03 


46 
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13 


26 
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19 
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977 


2 


91+0 


54 


0.46 




1997/01/08 


04 
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14 


11 
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3 


12- 


-0 


54 


(1 


47 




1997/11/22 


13 


56 
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11/25 


00 







975 


3 


06+0 


60 


0.52 


44 


1997/01/12 


02 


32 


01/10 


14 


15 


01/15 


01 


14 





967 


2 


12- 


-0 


58 





47 


104 


1997/11/27 


05 


32 


11/25 


00 


50 


11/30 


02 


45 





974 


2 


23+0 


51 


0.43 


45 


1997/01/17 


20 


51 


01/15 


02 


10 
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09 


04 





968 


1 


95- 


-0 


54 





45 


105 


1997/12/02 


10 


36 


11/30 


04 


04 


12/05 


10 


18 





972 


3 
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60 


0.52 


46 


1997/01/23 


05 


35 
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16 


50 
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13 


44 





969 


2 


53- 


-0 


53 





45 
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1997/12/07 


23 


43 


12/05 


10 


35 


12/10 


1 1 


35 





970 


2 


30+0 


47 


0.41 


47 


1997/01/28 


13 


08 
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13 


52 
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08 


09 





970 


2 


33- 


-0 


46 





40 


107 


1997/12/12 


20 


02 


12/10 


11 


38 


12/15 


05 


25 





969 


2 


31+0 


44 


0.38 


48 


1997/02/02 


21 


04 


01/31 


08 


58 


02/05 


09 


26 





971 


2 


85- 


-0 


50 





43 


108 


1997/12/17 


22 


06 


12/15 


05 


27 


12/20 


13 


00 





968 


2 


30+0 


47 


0.40 


49 


1997/02/08 


01 


15 
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10 


09 
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16 
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973 


2 


40- 


-0 


47 





40 
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1997/12/23 


02 


06 
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13 


14 
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16 


12 
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